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ABSTRACT
Varikuti, Sainath M.S.M.E, Purdue University, August 2014. A Web-Based Online
Collaboration Platform for Formulating Engineering Design Projects. Major Pro-
fessors: Jitesh H. Panchal and John M. Starkey, School of Mechanical Engineering.
Effective communication and collaboration among students, faculty and industrial
sponsors play a vital role while formulating and solving engineering design projects.
With the advent in the web technology, online platforms and systems have been pro-
posed to facilitate interactions and collaboration among different stakeholders in the
context of senior design projects. However, there are noticeable gaps in the litera-
ture with respect to understanding the effects of online collaboration platforms for
formulating engineering design projects. Most of the existing literature is focused on
exploring the utility of online platforms on activities after the problem is defined and
teams are formed. Also, there is a lack of mechanisms and tools to guide the project
formation phase in senior design projects, which makes it challenging for students and
faculty to collaboratively develop and refine project ideas and to establish appropri-
ate teams. In this thesis a web-based online collaboration platform is designed and
implemented to share, discuss and obtain feedback on project ideas and to facilitate
collaboration among students and faculty prior to the start of the semester. The
goal of this thesis is to understand the impact of an online collaboration platform
for formulating engineering design projects, and how a web-based online collabora-
tion platform affects the amount of interactions among stakeholders during the early
phases of design process.
A survey measuring the amount of interactions among students and faculty is
administered. Initial findings show a marked improvement in the students’ ability
to share project ideas and form teams with other students and faculty. Students
found the online platform simple to use. The suggestions for improving the tool
xii
generally included features that were not necessarily design specific, indicating that
the underlying concept of this collaborative platform provides a strong basis and
can be extended for future online platforms. Although the platform was designed to
promote collaboration, adoption of the collaborative platform by students and faculty
has been slow. While the platform appears to be very useful for collaboration, more
time is required for it to be widely used by all the stakeholders and to fully convert
from email communication to the use of the online collaboration platform.
11. INTRODUCTION
Engineering design is a problem solving activity [1]. Engineering design projects
provide real-life design process experience to students [2]. Through this activity
students develop essential skills that are required to address the real world design
problems [3]. During the design activity teams must be formed, problem definition
should be formulated; potential projects must be identified and implemented. Each
of these preceding elements is critical for the success of a design project [4]. Re-
search shows that the project formation process is one of the most challenging tasks
associated with engineering design capstone courses [5]. Over the past decade, much
interest and efforts were directed towards enhancing these critical elements using on-
line platforms. Significant contribution has been put forward by various researchers
to improve the project formulation in engineering design courses. Over the past few
years, several researchers have reported online platforms and systems for successful
senior design project execution [6–10]. However, these systems are focused on the
activities after the problem is defined and the teams are formed. Currently there is a
lack of literature on understanding the impact of using online collaboration platforms
for engineering design project formation.
The Accreditation Board for Engineering and Technology (ABET), an agency
responsible for the accreditation of engineering educational programs in United States,
specifies that [11]:
“Engineering programs must demonstrate that their graduates have:
1. An ability to identify, formulate and solve engineering design problems.
2. An ability to function in multidisciplinary teams.
3. An ability to use the techniques, skills, and modern engineering tools necessary
for engineering practice”.
2These criteria indicate that the ability to formulate a design problem, problem
solving skills, working collaboratively as a team and adapting to new tools are the
essential skills that graduating engineering students must posses. This serves as the
motivation for this research. This thesis is an attempt to explore the use of online
collaboration platform for improving the engineering design project formation process.
The research question guiding this study is:
Does an online collaboration platform improve the project formation process in
engineering design courses?
The underlying premise is that:
1. Interactions among students, faculty and industry sponsors are essential for:
• establishing enthusiastic student teams,
• identifying motivated faculty advisor, and
• formulating good quality problem definitions
2. Improving the amount of interactions among students and faculty will improve
the project formation process.
1.1 Motivation
This work is primarily motivated by the current need for more effective means for
formulating engineering design projects. Activities in early stages of design project
including student team formation, advisor selection and problem definition have been
shown to have key role in the outcome of final design [6, 12]. This implies that the
methods used and implemented during this time may have significant effect on the
quality of team and problem definition formulated. The current methods for for-
mulating senior design projects involve face-face meetings and e-mail communication
among students and faculty. These methods are not effective because formulating
a good quality project statement requires shared efforts and integration of experts
knowledge [13]. Therefore, there exists a need for connecting appropriate people, who
3might be unaware of each other and even unaware of the need to be connected. Team
formation and advisor selection are also important aspects of senior design projects.
It is necessary to provide students with an opportunity for group selection, advisor
selection as it affects the student’s motivation in senior design projects.
A substantial opportunity exists to improve the engineering design process by
designing and implementing an on-line collaboration platform to share, discuss and
obtain feedback on the project ideas, and to facilitate collaboration among students
and faculty prior to the start of the semester. The primary goal in this thesis is to
study the effectiveness of using an online collaboration platform for forming engineer-
ing design projects.
To achieve the above stated objective, a new web-based online platform was de-
signed and implemented. Metrics measuring the amount of interaction enabled by
online platform were developed. A user study was conducted to measure the effec-
tiveness of the online platform. This followed by a data comparison for student -
student interaction and student - faculty interaction. The details of the measures and
analysis scheme are presented in Section 5.2
1.2 Thesis Structure
The remainder of this thesis is organized in five chapters:
• Chapter 2 presents the related literature on the engineering design project for-
mation process, the importance of problem definition in engineering design, and
the importance of engineering design teams and a perspective on collaboration
in engineering design.
• Chapter 3 presents the details of senior design in the school of Mechanical En-
gineering at Purdue University. Specifically, the types of senior design projects,
formation of student design teams, the typical course timeline and deliverables
are discussed.
4• Chapter 4 presents the design and implementation of an online collaboration
system for senior design projects. The details of system requirements, sys-
tem architecture, system selection and system implementation are presented.
Further, the choice of content management system used for implementation is
justified in this chapter.
• Chapter 5 presents the analysis and results of user study conducted for mea-
suring the effectiveness of the online system. Also, the key takeaways from this
research are presented in this chapter.
• Chapter 6 discusses the conclusions and provides recommendations and direc-
tions for future research.
52. LITERATURE REVIEW
The purpose of this literature review is to understand the critical activities during
project formation in engineering design such as problem definition, team formation
and collaboration. The literature review is guided by the following questions.
1. What is engineering design?
2. How important is problem definition in engineering design?
3. What is a good problem definition in engineering design?
4. How important is team formation in engineering design?
5. How to form successful engineering design teams?
6. What is the definition of collaboration in engineering design?
This literature review will be organized around these questions. Section 2.1 pro-
vides an overview of engineering design and engineering design process. In Section
2.2, we describe the importance of problem definition in engineering design and re-
view the characteristics of good senior design problem definitions. In Section 2.3, we
describe the team formation in engineering design. Section 2.4 provides a perspective
on collaboration in the context of engineering design. Finally, Section 2.5 presents a
summary of the literature review.
2.1 Engineering Design
Engineering design is a problem solving activity [3]. “It involves mapping a spec-
ified function onto a realizable physical structure the designed artifact” [13]. En-
gineering design courses provide significant educational experience for a student in
6Figure 2.1 : Conceptual model of engineering design courses. (adapted from [11])
the preparation of their professional skills and technical expertise by exposing them
to open ended problems. Students gain knowledge on problem solving as well as
professional skills. Figure 2.1 illustrates a conceptual model of an engineering de-
sign course [11]. For several years great effort has been directed towards enhancing
the performance in engineering design courses and experiences. Several researchers
have published papers providing guidance on learning outcomes of engineering de-
sign [14, 15]. Significant research has been conducted to understand the characteris-
tics of a senior design project. According to Dutson et al. [16], a good quality project
statement should:
• be challenging,
• simulate a real life problem,
• involve engineering design work,
• emphasize engineering theory and application, and
• meet specified standards and safety criteria.
72.1.1 Nature and Structure of Design Problems
Over the past decade, much research has been carried out to understand the na-
ture of design problems. As for the problems themselves, researchers have identified
two different types of problems: well-structured and ill-structured problems [17, 18].
A well-structured problem has a clear goal, often single correct answer, and proce-
dures or rules that converge to a final solution [19]. The majority of the problems
that students encounter in an educational setting are well structured problems, like
those at the end of textbook chapters. An ill-structured problem is believed to be
poorly defined and unstated constraint information, implying that these problems
may not have definite solution or may have multiple solutions [19]. Such problems
are encountered in every day life, a typical engineering design problem is ill-defined
and ill-structured problem. The problem characteristics and solution approach sig-
nificantly vary depending on the type of the problem.
Dorst and Cross [20] suggests that majority of the engineering design problems
have three aspects. First, engineering design problems are partly determined as
they have “hard” needs and requirements. The designer spends time in the early
design phase in understanding these needs. Second, a major part of the engineeirng
design problem is underdetermined as it involves interpretation by the designer and
possible solutions depend on these interpretations. Finally, part of the engineering
design problem is considered as undetermined as the designer is free to design
according to his/her taste, style and abilities to a great extent [20].
Dreyfus [21] points out that the nature of the problem considered in a problem
solving situation depends on the level of expertise of the problem solver. He distin-
guishes the expertise into five levels including: novice, beginner, competent, profi-
cient, and expert. These levels are based on the ways that the designers perceive,
interpret, structure, and solve problems. Based on these distinctions, we classify the
senior-level engineering students as novice and beginners, who are guided by experts
to objectively solve a given design problem [20,22].
8Figure 2.2 : Engineering design process phases and design activity [26].
2.1.2 Engineering Design Process (EDP)
In an academic setting, engineering design courses are introduced in order to
teach the students a “good” engineering design process. Sobek and Jain [23] suggest
that, a good design processes will lead to a good design outcome. A typical EDP
includes problem definition, concept generation, preliminary design, detail design,
and communication of results [24, 25]. The specific tasks of EDP as described by
Arvid et al. [26] involve ten tasks (a) identification of need (b) problem definition
(c) research (d) identifying constraints (e) defining criteria (f) generating alternative
solutions (g) performing analysis (h) taking decision (i) detail specification of results
(j) communicating results. Figure 2.2 shows the EDP phases and activities.
9According to Lewis et al. [27] “the design process is not linear”. Lewis et al.
point out that the constraints of the design, components of design as well as the
structure of design change during the course of design but the general approach of
design remains the same. The preliminary activity in design project formation process
is problem definition, inclusive of recognizing a need, and the state of art. Therefore,
it is critical to understand the characteristics of a good quality problem definition
and its importance.
Section 2.2 describes the importance and aspects of a good quality problem defi-
nition.
2.2 Problem Definition in Engineering Design
The foremost task in engineering design project formation process is elaborating
the design problems and framing good project definitions. Developing a problem
statement in engineering design is an iterative process. It includes three critical
tasks. The first task is the identification of need. Speaking of “need” we refer to lack
of something we consider essential. Once the identification of need is completed, the
next step is defining the problem itself. At this stage, design engineers should not
identify any specific solution thus leaving the opportunity to consider a wide range
of alternatives before agreeing on a specific problem statement. The first two tasks
of this phase can be named under problem statement formulation.
The ability to define as well as solve problems is one of the essential skills that
today’s engineers must posses. Many engineering design studies have addressed the
importance of problem formulation, which involves aforementioned activities. Ac-
cording to Allen [28], problem definition for engineering problems is more important
than idea generation. Rouse [29] states that the first concern in the design process
is formulating the right problem. Research shows a significant relationship between
well framed problems and the project outcome [30]. In a study conducted by Joshi
et al. [31], it is shown that the level of detail of problem statement and requirements
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correlates with the level of detail of final solution. Therefore, formulating a detailed
problem statement is important before delving into conceptual design. Significant re-
search has been conducted to understand the characteristics of a problem definition.
According to Dixon [12], a “good quality” problem statement should encompass the
characteristics shown in Table 2.1
Table 2.1 : Characteristics of “good quality” problem definition.
Item Charactersistics
Definition • Identifies need
• Contains degree of open-endedness
Scope • Focused and well defined
• Lists appropriate context and specifications
Restrains • Does not suggest design approaches, constraints
• Avoids restriction to problem solution
Although the studies emphasize the importance of problem definition, formulating
a problem statement is a challenge for capstone students. One of the main reasons is
that an individual does not posses complete knowledge for defining a problem state-
ment. As explained by Chandrasegaran et al. [13], formulating a good quality problem
statement requires both formal and tacit knowledge. While the former knowledge is
present in product documents, repositories, etc. the latter is only gained over a period
of time with learning and experience. Another reason is the amount of time spent
by the senior design students while formulating the problem statement. In a study
of engineering design processes, Atman et al. [32] noted that, in general, engineering
design students spend less time and effort than the expert engineers. The researchers
also propose that students would benefit from adequate interaction with the faculty
while formulating problem statements [33].
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2.3 Engineering Design Teams
Working in teams is vital in almost every organization in today’s society. Baker et
al. define “Team” as a group or unit of people who are working together to accomplish
a specific task [34]. Engineering design courses are offered in order to develop skills
in students that are necessary to work effectively in groups. Students work in teams
to tackle design problems in most of the engineering design courses. It is recognized
that the formation of student teams for senior design projects is critical to the success
of the design project and course experience [35]. Different team formation processes
are adopted by various faculty members to form engineering design teams. The most
practiced schemes are as follows [36]:
• Let the students self-select the team members
• Instructor randomly assigns the team members
• Instructor surveys students interests and assigns accordingly
• Select team members based on previous performance
• Select groups based on a heterogeneous mixture
Regardless of the adopted scheme, individual team members’ motivation and en-
thusiasm about the project is one of the critical factors in the success of a project [6].
There are many factors that contribute to a team’s success. Lorge et al. [37] describe
motivation, team interaction and type of tasks as factors that contribute to team
performance. These motivation factors reflect the individual’s inspiration or desire to
complete the task as a team. Additional factors that influence success in teamwork
include how well team members interact with each other. Stroebe and Diehl [38]
propose that the low number of potential solutions produced was due to lack of com-
munication among the team members. Research has shown that high degree of team
cohesion and collective efficacy are related to good team performance. Lencioni et
al. [39] suggest that team members need to have positive attitudes, demonstrated by
12
trust in and support for each other. Instructors often conduct questionnaires about
student interests, academic strengths and experiences in an attempt to form effective
design teams [16]. However, there are generally groups of students whose individual
interests do not align with the assigned project, which, makes the process of selecting
engineering design teams challenging.
2.4 Collaboration in Engineering Design
Engineering design occurs in a group environment both in academic and industrial
settings. In this global environment engineers need to collaborate, as no single individ-
ual possess complete knowledge [40]. Marielle defines collaboration as a joint effort
towards a group goal [41]. Kavin [42] states that collaborative success is achieved
when something is accomplished in a group which could not be accomplished by an
individual. Collaboration enables faster and better decision making in significantly
less time. The design projects are often carried out as a team. These design teams
consist of students, faculty and industrial liaisons. In the context of engineering design
courses, collaboration aims at communication, sharing of information, knowledge and
expertise among students, faculty and various stakeholders involved in engineering
design for a successful project outcome.
Over the past several years there has been a dramatic improvement in technology
to power engineering collaboration. Gomes-Ferreira et al. [43] classify these tools
based on the mode of communication. Chandrasegaran et al. [13] classify these tools
based on their usability in design. There are numerous tools available to promote
collaboration among the design teams. Marcelo et al. [43] classify these tools based on
the time and location of communication. With the advent of web technology the use of
online collaborative platforms in engineering design have been prominent. These tools
comprise of wiki technologies to facilitate concurrent editing of documents, discussion
forums for threaded discussions and online repositories for sharing documents [44].
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Several authors have implemented online-collaboration platforms in engineering
design courses for team communication, grading and document review, etc. For in-
stance, Lo and Karam [10] have proposed an online collaboration platform for senior
design project grading and document review. Wyard-Scott [7] has implemented an
online platform to foster communication among instructors and student team mem-
bers. Similarly, Kanai [9] has created a web-based bulletin board system to help fac-
ulty, students and industrial sponsors stay connected. However, these platforms are
focused on the activities after the problem is defined and the teams are formed. Ex-
isting literature does not focus on evaluating the use of online collaboration platforms
for formulating problem statements and establishing design teams. This motivates
to pursue the research question: Does an online collaboration platform improve the
project formation process in engineering design courses?”.
2.5 Summary
A review of relevant literature is presented in this chapter. The literature demon-
strated the importance of engineering design courses, the nature and structure of
design problem and the problem solving approach. The findings of these studies
indicate greater emphasis on defining the design problem. Reviewing the character-
istics of “good quality” problem definition provides an index to measure the quality
of a problem statement. A review of literature on the process of forming engineer-
ing design teams identifies the present challenges in forming teams in engineering
design courses. Thus, an overview of critical elements of project formation process
is presented in this chapter. A perspective of collaboration in engineering design is
presented. A review of existing platforms for collaboration helps us to formulate our
research question.
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3. SENIOR DESIGN AT PURDUE
This chapter provides an overview of the senior-level engineering design course at
Purdue University. Section 3.1 provides an overview of engineering design in the
School of Mechanical Engineering at Purdue University. An overview of typical time-
line and deliverables from the students for this course is also presented. Section 3.2
provides the details of project formation process. Finally, Section 3.3 presents the
research hypothesis.
3.1 Overview of ME 463 - Senior Design
ME 463 is a senior-level mechanical engineering design course taught in the School
of Mechanical Engineering at Purdue University. The purpose of this course is to offer
guided practice in integrating various engineering sciences into practical engineering
design projects. The projects emphasize problem definition, design conceptualization,
modeling, approximation techniques, optimization, prototyping and testing. This
course is a three-credit one-semester course and is offered in Fall, Spring and Summer
semesters. A team of senior engineering students work on a design project for fifteen
weeks.
In the first two weeks of the semester students work on problem definition and
scoping. During this period students identify the need, gather information and submit
a problem definition. The projects are then submitted for a safety review before
delving into the conceptual design phase. Once the problem definition is approved, the
students work on generating concepts, sketching initial concepts and developing initial
engineering drawings. Students then submit a mid-term report for a preliminary
design review. The remaining six weeks are spent detailing the solution, building
prototype or proof-of-concept, testing and validating the final solution. The final
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deliverable of the project includes an oral presentation and a written report of the
proposed solution with complete drawing package with the prototype of the proposed
solution.
During the entire design process students work in teams, interact with the faculty
advisors and get their feedback. Students maintain design notebooks and record de-
sign activities such as summary of group meetings, results of patent searches, market
research, initial concept sketches, gantt charts, engineering drawings, etc. during the
complete design phase. Peer-reviews are conducted at regular intervals to assess each
student’s individual contribution in the design team. Figure 3.1 provides a snapshot
of the ME 463 course timeline.
Figure 3.1 : ME 463 course timeline.
3.2 Project Formation Process
Students, faculty and industry sponsors are the major sources of project ideas. The
lead instructor administers the ME 463 course including project formation activities,
course schedule preparation etc. The lead instructor has to ensure that the projects
simulate a real-life project/problem. As a result, the students are advised to suggest
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Figure 3.2 : Different phases, activities and interactions among stakeholders during
senior design project formation.
project ideas, form teams and have them approved by the lead instructor before the
course starts. The key activities that take place during this phase are:
1. problem definition and scoping,
2. team formation, and
3. faculty advisor selection.
During this phase, the lead instructor iterates with the student proposing the
project to develop the problem statement until it meets the educational objectives
of senior design. Then the students look for potential team mates, and the course
coordinator looks for a faculty member to act as an advisor for the project in the
coming semester. The entire process can be sub-categorized into three phases includ-
ing the idea initialization phase, idea development phase, and idea finalization phase,
as shown in Figure 3.2. Each phase has corresponding activities for carrying out the
development to achieve a good quality problem definition and a motivated student
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team. The key stakeholders in the process are the students, the faculty, the lead
instructor and potentially the industry sponsors.
3.2.1 Project Types
Engineering design projects can be categorized into the faculty initiated projects,
student initiated projects, industry sponsored projects, and engineering design compe-
titions. Table 3.1 lists the number of different types of projects conducted in previous
semesters.
1. Faculty initiated projects: Projects can be defined by the faculty. These
may include problems inspired by ongoing research of the faculty member.
2. Industry provided projects: These projects are prepared in cooperation
with the industrial partner. In industry supported projects, students have an
opportunity to work on practical design projects and to interact with industry
partners.
3. Students initiated projects: Students can define their projects by them-
selves. Individual students or a group of students can propose a project idea.
4. Engineering design competitions: Engineering design competitions such as
SAE design competitions, chainless challenge projects etc. are also sources of
projects.
5. Other: Sometimes the projects are also offered by other departments at Purdue
University with specific engineering design needs.
Despite the types of projects, the lead instructor has to ensure that the project
simulates a real-life project/problem, which is not adequately solved yet. Figure 3.3
presents the percentage of each type of project during the past three years.
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Table 3.1 : Different types of senior design projects.
Semester
Number of senior design projects
Faculty initiated Industry provided Student initiated Design comeptitions Other
Spring 2014 32 4 15 5 0
Fall 2013 6 4 5 0 4
Spring 2013 24 3 9 6 1
Fall 2012 5 3 1 0 5
Summer 2012 5 0 0 0 0
Spring 2012 12 10 13 5 6
Fall 2011 4 5 0 1 1
Figure 3.3 : Percentages of sources of senior design projects.
3.2.2 Student Teams
Students work in a team of four to five in senior design. The student teams are
either self-selected or faculty assigned. If the projects are student initiated, students
may choose their team members and have their team approved by the instructor. For
the other type of projects students have to submit a team formation sheet shown in
Figure 3.4, highlighting the skillsets and giving priorities for the projects. Students
are later assigned a project based on their preferences.
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Figure 3.4 : Student information sheet for forming teams.
3.3 Research Hypothesis
During the project formation process, the lead instructor iterates with the student
proposing the project to develop the problem statement until it meets the educational
objective of senior design. All the stakeholders shown in Figure 3.2 currently rely on
face-face meetings and e-mail communications during the project formation process.
Through a series of interviews with the lead instructor of the course, we learned that
these methods are difficult, especially for guiding a large number of students during
project formation process. The biggest problem is connecting all of the appropriate
stakeholders and information, or even knowing what connections should be made. In
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fact, knowing who the stakeholders should be and forming collaborative connections is
a challenge. During the project formation phase, different stakeholders propose differ-
ent project ideas, and since there is an integration of broad subject and different ideas,
it is necessary to connect these stakeholders to promote knowledge transfer among
them. Currently, There is lack of mechanisms and tools to guide the project formation
stage, which makes it challenging for students and faculty to collaboratively develop
and refine project ideas and to establish appropriate teams. Ineffective interactions
among stakeholders at this stage result in problem definitions with poorly defined
scope and incomplete capturing of requirements, thereby, significantly affecting the
quality of problem definition. Other issues include:
1. Students often find it difficult to look for team mates who are enthusiastic and
motivated about the specific project idea.
2. Students are limited by the number of faculty they can approach for guidance.
3. Good projects may be missed because the course coordinator is the single point
of contact for the problem statement approval process.
4. At times, a faculty member can come up with a good senior design project
which might take more than a semester to complete. So, the faculty member
might want to communicate this to the students and want to work with the
team of interested students a little earlier.
Therefore, it is hypothesized that implementing an online collaboration platform
that enables participation and interaction among stakeholders will improve the project
formation process. We also observe that creating an online collaboration platform will
facilitate collaboration links that might otherwise not be made. In order to test the
preceding hypothesis, an online web-based collaborative platform is developed. Based
on the premise stated in Chapter 1, the amount of interactions among students and
faculty is considered as a measure of improvement. In the next chapter, we design
and implement an online platform and determine the metrics to quantify the amount
of interactions among students and faculty.
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4. DESIGN AND IMPLEMENTATION OF THE ONLINE PLATFORM
In this chapter, the design and implementation of the online collaborative platform is
presented. The details of the requirement analysis are discussed in Section 4.1. The
framework is implemented using Drupal, an open source content management system
(CMS). The details of system architecture are presented in Section 4.2. Section 4.3
presents the details of the implementation.
4.1 Analysis of Requirements for the Online Collaborative System
As discussed in Chapter 3, in order to test the research hypothesis that implement-
ing an online collaboration platform that enables participation and interaction among
stakeholders will improve the project formation process, a web based online platform
has been implemented. The requirements of the online platform are categorized into
a) functional requirements and b) software requirements.
The functional requirements of the platform are as follows:
1. All stakeholders including students, faculty, and industry sponsors should be
able to propose new project ideas.
2. The platform should allow all stakeholders to discuss and comment on the shared
project ideas.
3. Students and faculty members should be able to register for interested projects.
4. The platform should allow students to communicate with each other and pro-
pose their own team.
5. Students should be able to archive their projects ideas in order to motivate
students enrolled in future semesters.
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6. The platform should allow Lead instructor to administer the project formation
activity.
The software requirements of the system that are essential for choosing a system
are:
1. The system should be able to provide access to all stakeholders.
2. The system should have password restricted accessibility and provide data se-
curity.
3. Currently, there are four different stakeholders in the system. The system should
facilitate multiple user roles and permission levels.
The use case diagram in Figure 4.1 illustrates the design details. As the dia-
gram shows, the critical aspects of the system are collaboration, communication and
information sharing among different actors.
4.2 System Architecture
Existing learning management systems available at Purdue University, such as
Blackboard/WebCT [45], do not satisfy several of the unique needs of the system.
For instance, Blackboard limits accessibility to only students and faculty of a par-
ticular course and single section. As a result, students and faculty who belong to
the same course but in a different section cannot collaborate through Blackboard.
Additionally, industry sponsors cannot have access using Blackboard. Also, other
software requirements such as multiple user roles and permissions are not supported
by Blackboard. Other available systems such as GlobalHub [46] which is developed
using the HUBZero platform, is limited by the number of user roles available. As
a result Blackboard/WebCT and GlobalHub could not be used to test the research
hypothesis. Therefore, the online platform was implemented using Drupal, an open
source web-based content management system [47]. Table 4.1 gives a comparison of
existing online platforms and Drupal with the needs of the system.
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Figure 4.1 : Use-case diagram of the platform.
Table 4.1 : Comparison of existing online systems.
Requirements Blackboard Global-Hub Drupal
Multiple user roles Not Supported Not Supported Supported
All stakeholders ac-
cessibility
Not Supported Supported Supported
Discussion & chat Supported Supported Supported
Teams & Groups Not Supported Supported Supported
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The online system is built on the Linux,Apache,MySQL and PHP [48] environ-
ment. As illustrated in Figure 4.2, the Drupal Content Management System (CMS)
is installed on top of Apache web server is linked to a MYSQL database.
Figure 4.2 : System architecture.
4.3 Implementation
Drupal is built upon open source community contributed add-ons called modules.
Each module is built to render a specific functionality to the web interface. In Drupal,
each item of content is defined as a node and each node is defined as a specific content
type. The online platform is implemented by using modules and creating custom
content types that meet functionality of the platform. Figure 4.3 shows a functional
diagram mapping necessary modules [49,50] and content types to requirements. The
detailed implementation of the online platform is available at [51].
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Figure 4.3 : Requirement mapping.
4.3.1 User Roles and Permissions
User roles and permission is a default module in Drupal [52]. Users of the online
platform can be either anonymous users and authenticated users. Authenticated users
include students, faculty, industry sponsors and the lead instructor. Authenticated
users have to register an account on the platform’s database. The registration process
is fairly straight forward, users have to provide information such as users full name,
email-id, username, and password to register an account. The tool then notifies the
user via e-mail for authentication and to create a user profile. Each user is then
assigned one of the above roles. While accessing the content of the platform, each
user role has different permissions. Figure 4.4 presents an overview of roles and
permissions for anonymous and authenticated users.
4.3.2 Project Ideas
A project submission form is created using content-type module [53], for authen-
ticated users to post project ideas. Only registered users can post and edit project
ideas. To post an idea, as shown in Figure 4.5, the author must provide a project
26
Figure 4.4 : User accessibility.
Figure 4.5 : Idea submission form.
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title, a brief project description and project semester in order to submit the idea.
Other fields such as areas of expertise, initial sketch of the ideas etc. are optional.
Once the ideas are posted, both anonymous and authenticated users can view them.
Figure 4.6 shows a screenshot of a sample project idea posted on the online platform.
Figure 4.6 : Screen shot of sample project idea.
4.3.3 Discussion and Comments
A threaded discussion and comments section is attached when a new project idea
is posted. This allows registered users to post and reply to comments on the project
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ideas and anonymous users to view the posted comments. Figure 4.7 shows a screen
shot of discussion and comments. Additionally, users are provided with an option
to subscribe to the comments. Subscription enables e-mail notifications so that the
users are notified when a new comment is posted on the idea node. It is hypothesized
that this discussion activity would aid in identifying interested students and team
members for the project.
Figure 4.7 : Screen shot of discussion and comments.
4.3.4 Team Formation and Advisor Selection
The Entity registration module [54] is used to assist team registration activity
for students and faculty members. Once the project is well framed to meet the
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educational objective of senior design course, faculty can approve the project for
forming a team. Interested students can then register for the project and form a
team. Additionally, faculty members have a option to choose to be an advisor for an
approved project. Figure 4.8 shows a screen shot of the team registration page.
Figure 4.8 : Screen shot showing list of approved projects and team registration
activity.
4.4 Summary
In this chapter the design and implementation of the online platform is presented.
Analysis of requirements for the online platform is carried out and a comparison of
the existing online platforms against the requirements of the system presented. The
designed platform is used to test the research hypothesis stated in Chapter 3. In
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the next chapter we present the questionnaire to measure the amount of interactions
among students and faculty.
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5. EXPLORING THE IMPACT OF ONLINE PLATFORM ON THE AMOUNT
OF INTERACTIONS
In this chapter an overview of research procedures and methods used in this study
including the measuring instruments, data collection and data analysis are presented.
The main purpose of the study is to determine the impact of the online collaboration
platform on the senior design project formation.
5.1 Research Objective
Several researchers suggest that interaction is an essential element to student
learning [55, 56]. Hillman et al. [57] consider interactions among students, and be-
tween instructor and students as “educational transaction”. Research suggests that
the amount of interactions is a performance measure of online platforms in academic
setting [58]. Based on the preceding literature, in order to answer the research ques-
tion stated in Chapter 1, two research hypotheses are formulated.
H1: Online collaboration platform will increase the amount of student-student
interaction, when compared with the amount of interaction before the implementation
of the online platform.
H2: Online collaboration platform will increase the amount of student-faculty
interaction, when compared with the amount of interaction before the implementation
of the online platform.
The primary objective of the study is to obtain preliminary data to validate the
hypotheses stated above. The amount of interactions among students and faculty are
measured to assess the effectiveness of the online platform. The second objective of
the study is:
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Determine the features not currently part of online collaboration platform that
would enhance the usability of the platform
It is projected that the students would have some more ideas for different platforms
and alternative methods for using the platform. The questionnaire and measures
are developed with an intent to obtain feedback and to support the above stated
objectives. The detailed questionnaire is provided in Appendices A and C.
5.2 Measures
A questionnaire measuring the amount of interactions among students and faculty
both before and after the implementation of the platform is conducted. The question-
naire addresses student-student interactions, student-faculty interactions and problem
definition quality. Table 5.1 enumerates the metrics used and corresponding survey
questions. A five point Likert-type scale, ranging from 1 as “strongly disagree” to 5
as “strongly agree” is used for the items 1 to 6 in the table, 1 as “no refinement” to
5 as “extensive refinement” is used for item 7 in and 1 as “very poor scope” to 5 as
“very well defined scope” is used for item 8.
1. Student - Student interactions : This scale is developed to measure the extent
to which students shared and discussed project ideas with other students and
identified team members for the project. Questions 1-3 in Table 5.1 measure
the student-student interaction.
2. Student - Faculty interactions : This scale is developed to measure the extent to
which students shared, interacted and obtained feedback from faculty members
on project ideas and identified interested faculty members for the project. This
is measured using a 3 item scale. Questions 4-6 in Table 5.1 measure the student-
faculty interactions.
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3. Problem statement quality : The amount of refinement and problem statement
scope is measured using this scale. This is measured using a 2 item scale.
Questions 7 and 8 in Table 5.1 measure the problem statement quality.




1. I was able to share my project ideas with other students.
2. I was able to receive feedback from other students on
my project idea.
3. I was able to identify team members who were
interested in my project idea.
Student - Faculty
interaction
4. I was able to share my project ideas with the faculty
members
5. I was able to receive feedback from the faculty members
on my project idea.
6. I was able to identify faculty members who were
interested in my project idea.
Problem Statement
quality
7. Rate the amount of refinement you made to your
problem statement.
8. How focused is the scope of the problem statement.
5.3 Data Collection
The study was conducted during Spring 2014 in which two groups of mechanical
engineering senior design students were surveyed. The survey was administered in
two phases. The first phase was carried out prior to the implementation of the online
platform. During the first phase, a group of 194 Mechanical Engineering design
students enrolled in the Engineering Design course were surveyed. This group of
students relied on face-to-face meetings and email communication for formulating the
engineering design projects i.e., forming teams and formulating problem statements.
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During the second phase, the online platform was implemented and the students
intending to take the course in Summer/Fall 2014 were encouraged to submit the
project ideas and form teams through the online platform. This group consisted of 48
students. Students were informed about the online platform and were given a period
of one month to frame the problem statements and form teams. After one month
the second group of students were surveyed using the same questionnaire presented
in Table 5.1. In comparison with the first group, the number of students was much
lower in the second group because lesser number of students take senior design in the
Summer/Fall semester compared to the Spring semester of an academic year in the
school of Mechanical Engineering at Purdue University.
5.4 Data Analysis
Results from the surveys were entered into a spreadsheet for initial analysis. SPSS,
a statistical analysis software was then used to further determine significant findings
among the survey responses. Initial analysis of the data included determining the
percentages and comparing the amount of interactions among students and faculty
before and after online platform implementation.
Statistical analysis included determining correlations between the amount of in-
teraction among students and faculty and various attributes in engineering design
project formation process. While correlation does not imply causality, hypothesis
tests were used to determine whether or not relationships were significant. The rela-
tionship is considered significant if the p-value is less than 0.05 (for 95% confidence
level). A 2 sample t-test was performed to determine the significance of improvement




The underlying premise of this research is that:
1. Interactions among students, faculty and industry sponsors are essential for:
• establishing enthusiastic student teams,
• identifying motivated faculty advisor, and
• formulating good quality problem definitions
2. Improving the amount of interactions among students and faculty will improve
the project formation process.
First, a correlation analysis is conducted to observe the relationship between
student-student discussion, student-faculty discussion and formation of student teams.
The data collected from the students prior to the implementation of the platform is
used for the analysis. Student-student discussion is quantified by taking an average
score of items 1 and 2 in Table 5.1 and student-faculty discussion is quantified by
taking an average score of items 3 and 4 in Table 5.1. This score is then plotted
against students’ response to item 3 in Table 5.1. Figure 5.1 and Figure 5.2 show
the frequency plot of the observed response. For easy visualization of the results the
response for “strongly agree” and “agree” are combined and presented.
Similarly the response for “strongly disagree” and “disagree” are combined and
presented. The Pearson correlation coefficient is observed to be 0.81 (p<0.01) for
student-student discussion and 0.66 (p<0.01) for student-faculty discussion. This
implies that student-student discussion strongly correlates and is statistically signifi-
cant for formation of student teams. Whereas, student-faculty discussion shows weak
correlation for forming student teams.
Second, a correlation analysis is conducted in-order to observe the relationship
between student-student discussion, student-faculty discussion and identifying faculty
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Figure 5.1 : Establishing student teams vs. student-student discussion.
Figure 5.2 : Establishing student teams vs. student-faculty discussion.
advisor. The data collected from the students prior to the implementation of the
platform is used for the analysis. Student-student discussion is computed by taking
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an average score of items 1 and 2 in Table 5.1 and student-faculty discussion is
computed by taking an average score of items 3 and 4 in Table 5.1. This score is
then plotted against students’ response to item 5 in Table 5.1. Figures 5.3 and 5.4
show the frequency plot of the observed response. For easy visualization of results
the response for “strongly agree” and “agree” are combined and presented.
Figure 5.3 : Identifying faculty advisor vs. student-student discussion.
Similarly the response for “strongly disagree” and “disagree” are combined and
presented. The Pearson correlation coefficient is observed to be 0.86 (p < 0.01)
for student-faculty discussion and 0.60 (p < 0.01) for student-student discussion.
This implies that student-faculty discussion strongly correlates and is statistically
significant for identifying faculty advisor. Whereas, student-student discussion shows
weak correlation for identifying faculty advisor.
Next, a correlation analysis is conducted in-order to observe the relationship be-
tween student-student discussion, student-faculty discussion and quality of the prob-
lem statement formulated. Problem statement quality is computed by taking the
average score of items 7 and 8 as shown in Table 5.1. A brief description of the min-
38
Figure 5.4 : Identifying faculty advisor vs. student-faculty discussion.
imum and maximum values, mean and standard deviation of each construct under
study is shown in Table 5.2. The Pearson correlation coefficient is observed to be 0.51
(p < 0.01) for student-student discussion and 0.60 (p < 0.01) for student-faculty dis-
cussion. From correlation coefficients we observe that student-student discussion and
student-faculty discussion are weakly but significantly correlated with the quality of
the problem statement. Therefore we claim that one of the factors that significantly
affects the quality of the problem statement is the amount of discussion among stu-
dents and faculty.
5.5.2 Utility of the Online Platform
First, students’ adaptability to the new system was examined. Students intending
to take the ME 463 in Summer/Fall 2014 were encouraged to submit the project ideas
and form teams through the online platform. Students were informed about the online
platform and were given a period of one month to frame the problem statements and
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Table 5.2 : Descriptive statistics of variables.





1 5 1 to 5 1.98 1.06
Student - Student
discussion
1 5 1 to 5 2.65 1.23
Student - Faculty
discussion
1 5 1 to 5 2.53 1.22
form teams via the online platform. Figure 5.5 shows the frequency of use of the
online platform.
Figure 5.5 : Frequency of using the online tool.
Although, some students never accessed the online tool, most of the students
accessed the tool at least once a week. An active participation from students was
observed in sharing project ideas and participating in discussion with the faculty.
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After implementation of the online tool, in a period of one month a total of 16
project ideas were proposed. 4 among 16 ideas were put forward by the faculty and
12 were proposed by the students. Additional web statistics observed for a period of
one month i.e. from 1st March to 31st March 2014 is provided in table 5.3. Faculty
and students collectively participated in refining the problem statements. Students
who accessed the online tool reported that the use of online tool was simple and useful
for collaboration.
Table 5.3 : Online platform statistics.
Component Students Faculty Total








Table 5.4 presents the response of the student - student interaction. Compar-
ing the survey results before and after the implementation of the online platform,
a significant increase in the amount of interactions among students is observed. A
comparison of the average student-student interactions both before and after imple-
menting the online tool is performed. Figure 5.6 draws a comparison of interactions
among students. An increase of 23% (i.e., from 28% to 51%) is observed in the
amount of student-student interaction. After tool implementation, more than half of
the students (56-65%) agreed that they were able to share their project ideas with
their fellow students, as compared to (25-33%) before the implementation. A two








































































































































































































































































































































































































































































































































































































































































































Figure 5.6 : Average student-student interaction.
tween mean amount of student-student interaction in both the groups of students is
statistically significant, by testing
H0 : µ1 = µ2 vs. H1 : µ1 6= µ2
with the level of significance α = 0.05. Here, µ1 is the mean amount of student-
student interaction of the group that used the online platform and µ2 is the mean
amount of student-student interaction that did not use the online platform. Table 5.5
provides descriptive statistics of the amount of student-student interaction for both
the groups. The p-value of the t-test is observed to be 0.001 and is less than the
Table 5.5 : Descriptive statistics of student-student interaction.
Variable Group Group Size Mean Std. Deviation
student-student interaction
1 48 3.34 0.77
2 194 2.67 1.23
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significance level (0.05). Therefore we accept the alternate hypothesis and claim that
there is a statistically significant difference in the mean amount of student-student
interaction. The observed difference is (0.67 > 0). This gives a supporting evidence
to our first research hypothesis that “online collaboration platform will increase the
amount of student-student interaction, when compared with the amount of interaction
before implementation of the online platform”.
5.5.4 Student-Faculty Interaction
The responses of student - faculty interaction both before and after the implemen-
tation of online tool are shown in Table 5.4. As shown in Figure 5.7, a comparison
of average student-faculty interactions before and after the online tool suggests an
increase of 27% (i.e., from 21% to 48%) in the amount of student-faculty interaction.
Also, some students reported that the system made it easy to discuss and collaborate
with the professors, eliminating the need for scheduling meetings with the faculty.
A two sample statistical t-test is again performed to determine whether or not the
Figure 5.7 : Average student-faculty interaction.
44
difference between mean amount of student-faculty interaction in both the groups of
students is statistically significant, by testing
H0 : µ1 = µ2 vs. H1 : µ1 6= µ2
with the level of significance α = 0.05. Here, µ1 is the mean amount of student-faculty
interaction of the group that used the online platform and µ2 is the mean amount of
student-faculty interaction that did not use the online platform. Table 5.6 provides
descriptive statistics of the amount of student-faculty interaction for both the groups.
Table 5.6 : Descriptive statistics of student-faculty interaction.
Variable Group Group Size Mean Std. Deviation
student-faculty interaction
1 48 3.31 0.88
2 194 2.45 1.21
The p-value of the t-test is observed to be 0.001 and is less than the significance
level (0.05). Therefore we accept the alternate hypothesis and claim that there is a
statistically significant difference in the mean amount of student-faculty interaction.
The observed difference is (0.85 > 0). This gives a supporting evidence to our sec-
ond research hypothesis that “online collaboration platform will increase the amount
of student-faculty interaction, when compared with the amount of interaction before
implementation of the online platform”.
5.5.5 Open Response Feedback
The open response feedback collected during the surveys is analyzed. The exact
responses of written feedback are provided in Appendix D. Students commented that
they did not think that proposing project ideas and recording information in the
online platform was really required, which explains why some students never used the
online platform. Students felt that the online platform could be useful for students
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who are geographically dispersed, and students who cannot easily meet and schedule
meetings in person. Because students could get quicker response, they found that
email was easier for communication and discussion than using the online platform for
discussion. Several additional features suggested by the students in the free-response
portion of the surveys include:
• option to receive e-mail notification when comments are updated
• a discussion board to discuss and shape ideas before they are submitted
• list of students taking engineering design in subsequent semester’s
• chat function
• integrating google docs and google calendar
• a smart phone app that connects the online tool
Finally, some students also expressed that they would have liked to see some examples
of past projects and have a better understanding of senior design projects.
5.6 Discussion
After implementation of the online platform, a total of 16 project ideas were
proposed. 4 among the 16 ideas were put forward by the faculty and 12 were proposed
by the students. Faculty and students collectively participated in refining the problem
statements. Though the results from the survey strongly support the hypothesis that
an online collaboration platform increases interactions among student and faculty, it
cannot be generalized to all the online platforms. Initial findings show a statistically
significant increase in the amount of student-student interaction and student-faculty
interaction.
Next observation is that the frequency of using the online platform was lower than
expected. This can be observed in Figure 5.5, which show that the majority of the
students only used the online tool once per week. We expected that the students
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would atleast use the online tool 3-4 times per week. This may be attributed to the
fact that it requires more time for any social platform to become popular, establish
a community of users and promote frequent interactions between them [59]. Making
the system as a partial requirement of the course might increase the usage of online
system. The response to the statement “I was able to receive feedback from other
students” shows that less than half of the students (42-46%) agreed to the statement.
This may be because the same discussion space was provided to both students and
faculty to provide feedback. This can be inferred from the students suggestion for a
separate discussion space for students and faculty in the future versions of the tool.
Also, it was anticipated that the students would use the discussion section to express
their interest on a specific project, and this would aid the team building exercise.
Since less discussion activity by students was observed, this explains the response to
the statement “I was able to identify team members on my project idea”, as only
42% of students agreed to the statement.
Finally, students’ perception in using the online platform was also collected. The
results are provided in Appendix D. We observe that 81% responded with affirmative
that the online platform was a useful tool for collaboration. However, it is interesting
to note that although most of the students agreed that the online platform was useful
for collaboration, only 26% agreed to the statement “I believe, I can collaborate better
through the online tool than through face-face meetings”. This may be the because
of the low frequency in using the online platform or it could be because of delays
in receiving a reply for a post or comment as mentioned in the written feedback by
one of the students in Appendix D. This lack of spontaneity in response may hinder
building the sustainable online community. Therefore to address this, some type of
synchronous communication tool must be integrated in the future version of the online
platform. Specifically, students responded that an option for e-mail notification, chat
feature and a smart phone app for the online platform would be helpful.
When asked to state a better alternative for forming engineering design project and
teams, a large portion of the students stated that the online platform was probably
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one of the best alternatives or that the system worked well for accomplishing those
tasks. Other responses for better alternatives included meeting in person and sharing
ideas. While there are some technical deficiencies with the current implementation,
students generally found the tool to be useful.
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6. CONCLUSIONS AND FUTURE WORK
6.1 Summary of Present Work
A well formed senior design project is known to have significant benefits in terms
of project outcome, student motivation, team cohesiveness, engagement, and student
learning. Defining a good problem statement, forming a team of compatible and ap-
propriately skilled students, and selecting an appropriate faculty mentor are critical
aspects of project formation. There is a lack of mechanisms and tools to guide the
project formation phase in senior design projects, which makes it challenging for stu-
dents and faculty to collaboratively develop and refine project ideas and to establish
appropriate teams. The present study explored the impact of using web-based online
collaboration platform for formulating senior design projects. The study involved
designing and implementing a new online platform. Key interactions were identified
while designing the online platform. A comparison of existing platforms against design
requirements was performed to select an appropriate software tool for implementing
the online platform. Later, a questionnaire addressing the aspects of senior design
project formation process was administered to answer our research question: Does
an online collaboration platform improve the project formation process in engineering
design courses?
In the present study the amount of interactions among students and faculty is used
as a measure to quantify the improvement in the project formation process. Initial
findings show a significant increase in the amount of interactions among students and
faculty. Students found the tool simple to use. The suggestions for improving the
tool generally included features that were not necessarily design specific, indicating
that the underlying concept of this online platform provides a strong basis and can
be extended for future online tools. Although the platform was designed to promote
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collaboration, adoption of the collaborative platform by students and faculty has been
slow. While the platform appears to be very useful for collaboration, more time is
required for it to become widely used. There appears to be a cultural change for the
stakeholders to fully covert from email communication to using online collaboration
platform.
Figure 6.1 illustrates the difference in the process of formulating senior design
projects before and after implementing the online platform. As illustrated in the
Figure 6.1, the online platform did not eliminate the use of synchronous communica-
tion, but it provided an opportunity for connecting these stakeholders at one platform
which would have otherwise not been made.
Figure 6.1 : Project formation process before implementation of online platform vs.
after implementation of online platform.
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6.2 Conclusion
The impact of social tools in an virtual organization is emphasized in [60]. The
author states that the social tools allow us to create networks of connections and aid
in finding people with right expertise at the right time. By utilizing these tools, there
exist plethora of opportunities for us to explore our current environment and create
new ways for experiencing it. One such opportunity is improving the engineering
design project formation process. An online collaborative platform should promote a
sense of community, social presence, and frequent interaction [59]. The research ques-
tion we tried answer in this study is whether or not an online collaboration platform
improves the project formation process in engineering design courses. In the present
study we observed that the online platform promotes collaboration by connecting
appropriate stakeholders and building a network of these stakeholders, which might
not be made through face-to-face meetings and e-mail communications. Although
we observed an increase in interaction quantitatively, a qualitative analysis observing
the responses and project statements should be performed in order to understand
the quality of these interactions. Establishing successful online communities typically
span an extended time frame [61]. As a result it is difficult to capture the effective-
ness of these collaborative platforms by just observing for a period of one semester.
We believe that better insights can be obtained if further analysis is carried over a
period of time observing the online community evolving. Through further studies,
the existing platform may be improved, and it could ultimately enhance the way the
engineering design is carried out.
6.3 Future Work
The future work contains two aspects a) software development and b) qualitative
analysis.
Software Development: Additional features for the online platform suggested are
provided in Appendix D, some of them include:
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1. Implement synchronous communication tools in the platform such as chat groups,
google docs,and e-mail notification.
2. Provide a list of sample project ideas for reference.
Qualitative Analysis: With a foundation in using the online collaboration platform
for improving the engineering design project formation, the future work lies in further
exploring the quality of team formation, quality, novelty, and utility of the problem
statement formed using the online platform. The future work also lies in exploring
incentives for potential collaboration and motivating individuals to collaborate so
as to promote frequent interaction among them. The current framework can be
extended to a global level involving other universities that follow a similar process
for conducting senior design. The present study provides a foundation to address the
following research questions:
1. Do teams who use the online platform to self select projects have a better project
outcome than those that self selected outside of the platform or assigned by
faculty?
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A. QUESTIONNAIRE PRIOR TO IMPLEMENTATION OF ONLINE TOOL
Figure A.1 : Problem definition survey prior to implementation of online platform.
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SECTION 5: REGARDLESS OF WHEN YOU FORMED YOUR PROJECT AND TEAM, Place an X in the location in each row 
that most accurately reflects your response to each statement 
QUESTION 
OPTIONS 
1 2 3 4 5 
I considered skill sets of many potential team mates while forming our team. 
(1 = strongly disagree, 5 = strongly agree) 
     
I was aware of ideas from previous projects while forming my problem statement.  
(1 = strongly disagree, 5 = strongly agree) 
     
I considered expertise and interests of my faculty mentor while choosing my project 
(1 = strongly disagree, 5 = strongly agree) 
     
I was influenced by the rest of my team on the choice of my project 
(1 = strongly disagree, 5 = strongly agree) 




SECTION 6: Place an X in the location in each row that most accurately reflects your response to each statement 
QUESTION 
OPTIONS 
1 2 3 4 5 
Rate your level of excitement to work on the selected project. 
 (1 = not very excited, 5 = very excited) 
     
How would you rate the level of excitement you are having working with your team 
(1 = not very excited, 5 = very excited) 
     
 




1 2 3 4 5 
As of now, How would you rate the amount of refinement you made to your problem 
statement? (1 = no refinement, 5 = extensive refinement) 
     
As of now, How focused is the scope of your problem statement?  
(1 = very poor scope, 5 = well defined scope) 
     
Figure A.1 : Continued.
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B. BEFORE ONLINE PLATFORM IMPLEMENTATION - QUESTIONNAIRE
RESULTS
Table B.1 : Section 1 results.
Question
Percentage of
Response (N = 194)
Yes No
Was your project pre-approved when you signed up for
the senior design class?
35% 65%
Did you decide to be a part of this team before signing
up for the senior design class?
42% 58%
Table B.2 : How far in advance of the start of the class did you start thinking about
your problem statement.
Answer Percentage of Response (N=194)





Table B.3 : Section 2 results.




Before classes started, I was able to share my project
ideas with other students (1= Strongly disagree, 5 =
Strongly agree)
24% 14% 29% 22% 11%
Before classes started, I was able to discuss my project
ideas with other students. (1 = strongly disagree, 5 =
strongly agree)
24% 15% 28% 21% 12%
Before classes started, I was able to receive feedback
from other students on my project ideas (1=Strongly
disagree, 5 = Strongly agree)
32% 19% 26% 13% 10%
Before classes started, I was able to identify team
members who were interested in my project idea (1 =
Strongly disagree, 5 = Strongly agree)
28% 16% 27% 16% 13%
Table B.4 : Section 3 results.




Before classes started, I was able to share my project
ideas with the faculty members. (1 = strongly
disagree, 5 = strongly agree)
28% 20% 27% 15% 10%
Before classes started, I was able to interact
frequently with the faculty members to discuss my
project idea. (1 = strongly disagree, 5 = strongly
agree)
34% 23% 26% 9% 8%
Before classes started, I was able to receive feedback
from the faculty members on my project ideas. (1 =
strongly disagree, 5 = strongly agree)
30% 23% 27% 12% 8%
Before classes started, I was able to identify faculty
members who were interested in my project idea. (1
= strongly disagree, 5 = strongly agree)
37% 20% 27% 8% 8%
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Table B.5 : Section 4 results (N =194).
Questions 1 2 3 4 5
Before classes started, How would you rate the
amount of refinement you made to your problem
statement? (1 = no refinement, 5 = extensive
refinement)
54% 16% 18% 11% 2%
Before classes started, How focused was the scope of
your problem statement? (1 = very poor scope, 5 =
well defined scope)
48% 15% 23% 9% 4%
Table B.6 : Section 5 results (N=194).
Questions 1 2 3 4 5
I considered skill sets of many potential team mates
while forming our team. (1 = strongly disagree, 5 =
strongly agree)
14% 19% 24% 25% 18%
I was aware of ideas from previous projects while
forming my problem statement. (1 = strongly
disagree, 5 = strongly agree)
13% 19% 34% 24% 10%
I considered expertise and interests of my faculty
mentor while choosing my project (1 = strongly
disagree, 5 = strongly agree)
25% 21% 23% 20% 11%
I was influenced by the rest of my team on the choice
of my project (1 = strongly disagree, 5 = strongly
agree)
7% 9% 19% 46% 18%
As of now, How would you rate the amount of
refinement you made to your problem statement? (1
= no refinement, 5 = extensive refinement)
2% 6% 28% 44% 20%
As of now, How focused is the scope of your problem
statement? (1 = very poor scope, 5 = well defined
scope)
0% 2% 20% 48% 30%
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Table B.7 : Section 6 results (N=194).
Questions 1 2 3 4 5
Rate your level of excitement to work on the selected
project.(1 = not very excited, 5 = very excited)
0% 3% 16% 51% 28%
How would you rate the level of excitement you are
having working with your team (1 = not very
excited, 5 = very excited)
1% 2% 14% 36% 48%
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C. QUESTIONNAIRE AFTER IMPLEMENTATION OF ONLINE TOOL
Figure C.1 : Problem definition survey after implementation of online platform.
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Figure C.1 : Continued.
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Figure C.1 : Continued.
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Figure C.1 : Continued.
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D. POST IMPLEMENTATION SURVEY RESULTS
Table D.1 : Student-Student interaction.




I was able to share my project ideas with other students
(1= Strongly disagree, 5 = Strongly agree)
4% 4% 27% 59% 6%
I was able to receive feedback from other students on my
project ideas (1=Strongly disagree, 5 = Strongly agree)
4% 12% 38% 42% 4%
I was able to identify team members who were
interested in my project idea (1 = Strongly disagree, 5
= Strongly agree)
4% 23% 31% 36% 6%
Table D.2 : Student-Faculty interaction.




I was able to share my project ideas with the faculty
members. (1 = strongly disagree, 5 = strongly agree)
6% 9% 29% 52% 4%
I was able to receive feedback from the faculty
members on my project ideas. (1 = strongly
disagree, 5 = strongly agree)
6% 6% 40% 38% 10%
I was able to identify faculty members who were
interested in my project idea. (1 = strongly disagree,
5 = strongly agree)
6% 13% 44% 35% 2%
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Table D.3 : Did you propose a project idea using the online tool.
Answer Percentage of Response (N=11)
Yes 23%
No 77%
Table D.4 : Problem definition quality (N=11).
Questions 1 2 3 4 5
How would you rate the amount of refinement you
made to your problem statement? (1 = no
refinement, 5 = extensive refinement)
27% 9% 27% 36% 0%
How focused was the scope of your problem
statement? (1 = very poor scope, 5 = well defined
scope)
9% 18% 45% 18% 9%
Table D.5 : How frequently did you use the online tool.
Answer Percentage of Response(N=48)
Daily 4%
3-4 times a week 8%
Once a week 48%
Every other week 19%
Never 21%
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Table D.6 : The use of online tool is simple.






Table D.7 : Student perception in using online tool (N=38).
Questions 1 2 3 4 5
The online tool was useful tool for collaboration (1 =
Strongly disagree, 5 = Strongly agree)
3% 5% 11% 34% 47%
I believe, I can collaborate better through the online
tool than through face-face meetings(1 = Strongly
disagree, 5 = Strongly agree)
16% 37% 21% 24% 2%
After using the online tool, I prefer to communicate
via online tool rather than e-mail.(1 = Strongly
disagree, 5 = Strongly agree)
8% 26% 24% 32% 10%
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Table D.8 : What features would you like to use that were not present in the current
implemented tool.
S.No Response
1 A discussion board to discuss and shape ideas before they are submitted.
2
A separate section of the website where students can post looking for team
members instead of project ideas or a link that makes it easier for all students
to use the PEARL website. There are many students that didn’t know the tool
existed or that couldn’t find groups because most of the ideas posted already
had team members in mind.
3
Acess to a list of professors and what kind of projects they would personally be
most interested.
4
I wish i could see more past projects. it would help us get an idea for the scope
of most senior design projects.
5 phone app
6 An android/iphone app that connects to the online tool.
7
Easier group formation outside of just the project ideas. (find a group before a
project)




a “like” button to show general interest in ideas without having to register
or comment
2
An area for students to comment. It is intimidating to post where
professors are supposed to
3 a quicker response time
4 sample projects or ideas for reference
5 I wish more professors commented on the projects.
6 use some phone chat app like we chat/whatsapp
7 a chat page, apply google docs and google calendar
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Table D.10 : A better alternative way for formulating the senior design projects and
teams would be.
S.No Response
1 possibly voluntary out-of-class meetings
2
Identifying potential problems that could be solved with a mechanical
design that could be kicked off by using a senior design project as a
prototype.
3
require all students to join the website. Many ignored it or are not
thinking about senior design yet. This could become required so that all
students start thinking early.
4 this was a good method
5 This is good enough!!
6 I think the online tool is the most effective.
7
None, i really liked the online format. however, i found my team on my
own. but it was helpful to have a place to submit the ideas to professors!
8 Working together and meeting with high frequency.
9 Meeting people in person and sharing ideas.
10
A group of meetings to find teammates with complimentary skills and
similar interests.
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This is really nice to have, scheduling meetings with professors is time
consuming and a daunting task. This was really easy to do.
2 More time to propose ideas
3
I think the online tool worked well. A group of us knew we wanted to
work together so we brainstormed ideas face to face before adding them to
the online tool. This seemed to work well. The online tool was simple to
use and it was easy to get feedback from professors on the ideas.
4
The tools seems very useful, but I was introduced to it to late, and during
the busiest part of my semester (the middle). I would have used it if I
wasn’t so busy and had time to think of ideas.
